Simulator investigation of wind shear recovery techniques by Hinton, David A.
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COMPARISON OF ALTITUDE PLOTS IN TWO RUNS
WITH SHEAR Al10 AND FLIGHT PATH ANGLE GUIDANCE
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COMPARISON OF PITCH ATTITUDE IN TWO RUNS
WITH SHEAR Al10 AND FLIGHT PATH ANGLE GUIDANCE
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COMPARISON OF AIRSPEED IN TWO RUNS WITH
SHEAR Al10 AND FLIGHT PATH ANGLE GUIDANCE
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SIMULATOR INVESTIGATION OF WIND SHEAR RECOVERY TECHNIQUES
An effort was conducted to develop techniques for flying "near
optimal" tra]ectorles, during inadvertent mlcroburat encounters,
when the microburst flow field ahead of the airplane la not
known. Only the takeoff wind shear encounter case was considered.
The research was done in two phases. In the first phase, a batch
simulation, conslatlng of a simple point-mass performance model
of e transport category airplane, was used to develop candidate
wlnd shear escape strategies. A simple analytical wand shear
model was used In the development. In the second phase, the
strategies were evaluated an a real-time, piloted simulation.
Both the simple analytlcal wlnd shear model and a second model,
baaed on the vortex clrculatlon encountered in the Dallas-Fort
Worth accident, were used in the piloted simulation. The three
guidance options tested were: pitch attitude hold, which
commanded a constant recovery pitch: acceleration, which
decelerated the airplane am a function of the instantaneous shear
strength: and flight path angle, which produced a minimum
altitude tra3ectory. All guidance options were presented to the
pilot on an electromechen£cel flight director for manual
tracking.
The results showed that the moat promlalng guidance option ia the
£11ght path angle guidance, but that the experimental variation
in recovery performance between runs wee greater than the
dlf£erences between guldence optlona. The distribution of
airspeed lose across e wind shear was important. In a severe
sheer, a steady reduction in airspeed was less efficient than
Initlelly conserving kinetic energy, end trading it off near the
end of the shear. The vortex circulation shear introduced
additional factors into the recovery. There is evidence that the
optimal recovery strategy may be slightly different in the vortex
encounter than in a classic downburat model. The maximum
horizontal wind change capability of the airplane was much leas
in the vortex shear model than in the simple analytical model.
The pilots were initially reluctant to reduce pitch attitude
close to the ground, upon entering the shear, but later observed
and commented on the benefits of an initial pitch reduction.
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QUESTIONS AND ANSWERS
KIOUMARS NAJMABADI (BOEING) - Earlier you showed the
altitude profile of the three strategies when subjected to your
analytical wind model where the horizontal wind is the same for
all the strategies. But, any strategy which tries to climb will
be penalized because your vertical wind is a function of
altitude. Now did you compare, or do you have the same
comparison for your B model?
DAVE HINTON (NASA LaRC) - Not directly. The reason is the B
model is not implemented in the batch simulation. You're
refering to this first chart, this one?
KIOUMARS NAJMABADI (BOEING) - That is right.
DAVE HINTON (NASA LaRC) - Okay. That particular simulation
batch model does not have the vortex shear in there. The reason
is, it is a very simple point airplane model and I can't hope to
really duplicate all the effects. That is, the stability effects
and control problems associated with shear B. Therefore, I didn't
put that one in.
KIOUMARS NAJMABADI (BOEING) - The fact is that if you climb
higher--I agree with you that the intensity of the down draft and
all will increase--but at the same time I think that also the
shear in the horizontal will decrease. If you look at the
existing model.
DAVE HINTON (NASA LaRC) - I did run these same cases with no
vertical wind present. The effect was not as large. But I saw
that it was bad to climb there also. It was not just the effect
of having the vertical wind stronger at altitude. Just giving up
the airspeed is also bad.
PAUL CAMUS (Airbus Industrie) - I have two comments related
to one of your viewgraphs. The comparison of altitude plots in
two runs with flight path angle guidance, I notice that there is
a large experimental variation in performance recovery between
two runs with the same guidance. If you consider run A, a large
pitch change demand is required to stop the altitude loss. And
it seems to me that in the case of run B the pilot did not
respond to the flight director commands.
DAVE HINTON (NASA LaRC) - He did not respond as quickly or
as aggressively?
PAUL CAMUS (Airbus Industrie) - Yes.
DAVE HINTON (NASA LaRC) - That is correct. The pilots all
temper the flight director somewhat with what they expect to do.
And if there is a very large say--from 16 degrees to i0 degree
pitch change--pilots may follow it very aggressively or not so
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aggressively.
PAUL CAMUS (Airbus Industrie) - Which means that it might be
a problem of training, and the constant pitch might be the best
anyhow.
DAVE HINTON (NASA LaRC) - There are a lot of issues that I
didn't have time to get into. A lot of training issues were
raised during the simulation study.
PAUL CAMUS (Airbus Industrie) - I have a second point. It
seems that you accept a large flight path declination before you
accept the deceleration of the plane. Therefore, during the
initial phase you have to pitch down to track the air speed--Also
a down draft at this moment.
DAVE HINTON (NASA LaRC) - In shear B that is precisely what
happened. In shear B you'll notice we are climbing and then we
change that over to a descent. At that same time the airplane
has been hit with the first down draft, which was the strongest
one, and because the down draft is helping the pilot to
accomplish his objectives (in arresting the rate of climb) it
wasn't even really noticed. The last down draft, which was not
quite as strong, is usually the one that really hurt the
aircraft.
PAUL CAMUS (Airbus Industrie) - Do you believe that a pilot
would be prepared to accept a negative vertical speed in the
initial phase when he has high kenetic energy?
DAVE HINTON (NASA LaRC) - Our pilots did seem to believe
that it was acceptable to have smart guidance decending them
towards the ground. The rate of decent in each of these cases
was limited to about the same value you would see in the glide
slope, about 600 feet per minute, so it was a very gentle
decent. Again, it goes back to training, because initially the
pilots did not like it. After flying about 30, 40 50 runs they
began to see the advantages of doing that, and were more
aggressive in pitching over. Obviously, you can not have every
airline crew flying a hundred runs. So there is a definite
training issue.
PAUL CAMUS (Airbus Industrie) - Thank you.
DICK BRAY (NASA Ames) - Dave, I want to sort of put this to
you as a question. On your flight path control law going into
shear B, the perfect following of that shear law would still
require very rapid pitch of the aircraft at about that 6 second
period wouldn't it?--Just to maintain? In other words that was a
very demanding, very active pitch task produced by that law.
DAVE HINTON (NASA LaRC) - The pilots varied. They tried
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various gains, of course. Three pilots used for our research
were test pilots here at NASA, not line pilots. They varied
their gains and I did not see anything beyond the realm of what
you could do in an operational environment. They did not feel it
was beyond the realm. The guidance was presented to them in the
form of--if I wanted them to go to i0 degrees of pitch--that is
where I put the needle on the flight director. It is entirely up
to the pilot to close the loop and get the airplane to that pitch
attitude.
DICK BRAY (NASA Ames) - Okay. But just flying through that
would, if he followed it perfectly, be a very, very active
pitch.
DAVE HINTON (NASA LaRC) - Actually, the needle movement was
limited to three degrees per second, so that is not beyond the
realm. That was the limit on the pitch needle movement rate.
DICK BRAY (NASA Ames) - You wave a sort of nasty dynamic
problem with that particular shear. I was wondering whether you
ever considered flying to an air mass flight path instead of an
inertial flight path.
DAVE HINTON (NASA LaRC) - We could do it either way, it
would be a similar task.
DICK BRAY (NASA Ames) - Yeah, well there should be an awful
lot less activity if you were deriving flight path, with angle of
attack with the proper amount of lag on it. It should really
stabilize the pitch command. You'll get an oscillation in the
flight path but (paused)
RALPH COKELEY (Lockheed) - Dave, I've got some concerns, and
I don't question the validity of what you have shown us, but I
want to point out to the rest of us that have not been in the
piloting picture (and perhaps associated with some of the other
studies), that at this moment we don't have a means of
recognizing the shear instantaneously. And, for the next four
years we are going to be doing it differently and training some
25000 pilots to do Jt differently. Up to that time our accident
picture has been letting the nose drop too far and too late. So,
the emphasis for the next four years is going to be not to let
that happen inadvertently when you don't recognize it. So even
assuming that this is valid, we've got some road-crossing, down
the road, to change paths and change guidance strategies to make
something like this work.
DAVE HINTON (NASA Ames) - That is true. That is very true.
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